^Searching PAJ 



Page 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 07-268278 
(43)Date of publication of application : 17.10.1995 



(51)lnt.CI. 



C09D163/00 
C09D163/00 
C08G 59/62 
C08L 63/00 
C08L 63/00 
H01B 7/34 
H01L 21/60 



T 



(21) Application number : 06-061753 (71)Applicant : HITACHI LTD • 

TANAKA DENSHI KOGYO KK 

(22) Date of filing: 30.03.1994 (72)lnventor : EGUCHI KUNIYUKI 

, r SEGAWA MASANORI 



(54) HEAT-RESISTANT COATING MATERIAL AND BONDING WIRE COATED 
THEREWITH x 

(57)Abstract: 

PURPOSE: To provide a heat-resistant coating material which can give a coating film 
resistant to breakage caused by softening or thermal deterioration on the periphery of a 
conductor or a metal wire by forming the coating film from a heat-resistant coating material 
comprising a specified epoxy resin and to provide a heat-resistant coated conductor and a 
coated bonding wire. 

CONSTITUTION: The coating material comprises an epox yresin having a glass transition 
temperature of 125°C or above. It is desirable that the epoxy resin used is a cured resin 
product prepared by reacting an epoxy resin having at least two epoxy groups in the molecule 
with a resin curing agent having a phenolic hydroxyl group. In order to lower the rigidty of the 
coating film and to improve the properties of the film, it is desirable to add a thermoplastic 
resin h aving an elongation at break larger than that of a thermoplastic resin to the epoxy 
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resin. By adding a dispersible flexibilizer t o the epoxy resin, the rigidty of the epoxy resin film 
can be lowered, and the rigidity and elongation at break can be improved without detriment to 
the heat resistance of the epoxy resin. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention refractory coating material and refractory coating ~ it is related 

with a conductor and a covering bonding wire. 

[0002] 

[Description of the Prior Art] For example, the so-called nakedness wire which consists only of a metal 
wire built with gold, aluminum, copper, etc. is mainly used for the electrical installation of the electrode 
terminal (bonding pad) of a semiconductor chip and external derivation lead (inner lead) in a 
semiconductor device from the former, however - recently -- the high accumulation of a semi- 
conductor, and high-density-assembly-izing - following ~ semiconductor package size — small - while 
carrying out thinning, by many pin-ization of a semiconductor device, the number of bonding areas has 
increased very much, and spacing between bonding wires is very narrow. Therefore, the short circuit by 
contact at a wire and the edge of a semiconductor chip, the short circuit by contact at a wire and the die 
pad edge, the short circuit by contact between wires, etc. occur, and the fall of the electric dependability 
of a semiconductor device poses a problem. From the former, it considers using the covering wire which 
covered the front face of a metal wire with the insulator layer as an approach of solving these problems. 
[0003] About such a covering wire, it is proposed by JP,57-152137,A, 57-162438, 60-224237, 61- 
194735, JP,61-186239,U, and JP,2-266541,A each official report, for example. According to these well- 
known techniques, using polyurethane resin, Nylon, polyimide resin, fluororesin, polyethylene resin, 
polyvinyl chloride resin, the enamel that is an insulating varnish further, a formal, polyester resin, or 
heat-resistant polyurethane resin is indicated as an ingredient of the covering insulator layer of a 
covering wire, respectively. 
[0004] 

[Problem(s) to be Solved by the Invention] However, among the ingredients of the pre-insulation film 
indicated by these well-known techniques, since membranous rigidity is too high and becomes weak, 
bonding nature of polyester resin is bad and it has a possibility of producing poor bonding. Moreover, 
since it carbonizes without decomposing by whenever [ stoving temperature / at the time of formation of 
a metal ball ] conversely also including polyester resin although polyimide resin, Nylon, and fluororesin 
have the high thermal resistance of resin, the carbide which adhered to the covering wire at the time of 
wirebonding to the electrode terminal of a semiconductor chip is caught in a capillary, supply of a wire 
is blocked or the junction nature between a metal ball and an electrode terminal is checked for the 
carbide adhering to a metal ball. On the other hand, in order to perform covering wirebonding by the 
side of a lead by high reliance, it is required to remove covering for a joint thermally by discharge etc., 
but in the aforementioned covering material, since carbide remains to the metal bar-chart side of a joint, 
reliable junction cannot be performed in the junction performed succeedingly. 

[0005] Polyurethane resin, polyethylene resin, polyvinyl chloride resin, or formal resin is compared with 
other above mentioned resin, and although there are few problems of the carbonization at the time of 
wirebonding, the problem of the heat deterioration resulting from heat-resistant lack arises. For example, 
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if a wire contacts a die pad and a chip since mold temperature is generally 150-200 degrees C, although 
the mold of the perimeter after connecting a semiconductor chip and a leadframe with a wire in a 
semiconductor device is carried out with a resin constituent, such as an epoxy resin, and being closed, or 
contact between wires arises further, with these ingredients, it will deform by softening of the covering 
film, and to a short circuit between wire and die pads, wire, and chip short circuit pan, it is easy to cause 
the short circuit between wires. 

[0006] Moreover, a plastic molded type semiconductor device will generate a short circuit among them, 
supposing not only softening of the covering film but the destruction by the heat deterioration of the film 
itself tends to break out and a wire produces the contact condition between wires in the contact condition 
to a tab or a chip, and a pan, in order that it may be put to an elevated temperature 200 degrees C or 
more for a long time or a wire may receive a big thermal shock by generation of heat of a semiconductor 
device further in various reliability trials. 

[0007] As mentioned above, in which the above mentioned well-known technique, the property of 
carbonization prevention of the ingredient at the time of bonding and heat-resistant both cannot be 
satisfied. Therefore, it was difficult to obtain the covering bonding wire which is excellent in 
workability and dependability. 

[0008] the refractory coating material to which the purpose of this invention can prevent the film 
destruction resulting from softening or heat deterioration of the covering film in a covering wire, and 
refractory coating — it is in offering a conductor and a covering bonding wire. 
[0009] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

[0010] The refractory coating material of this invention consists of an epoxy resin with a glass transition 
temperature of 125 degrees C or more. 

[001 1] The resin covering film which hardened the resin constituent which heating or the thing which 
carried out photo-curing is used into the usual monad as said e poxy resini n the resin constituent which 
consists of a curing agent and hardening accelerators, such as an epoxy resin which has two or more 
epoxy groups, an amine, an acid anhydride, or phenol resin, and consists of an epoxy resin and a phenol 
resin curing agent especially is suitable. 

[0012] In order to lower the rigidity of the covering film to said epoxy resin and to aim at improvement 
in paint film nature further, it is more desirable than heat-curing resin to make the big thermoplastics of 
elongation after fracture contain. It can be satisfied with a flexibility list of the property of homogeneous 
both, maintaining thermal resistance by this approach. 

[0013] The resin constituent which consists of said epoxy resin and thermoplastics is excellent in 
compatibility or dispersibility, and becomes transparently [ the resin covering film obtained by carrying 
out spreading postcure to a wire ], or translucent. Thermoplastics suppresses a heat-resistant fall, 
moreover lowers the rigidity of a resin hardened material, and has the effectiveness which moreover 
carries out toughening. 

[0014] Furthermore, by blending a **** agenj with the aforementioned epoxy resin as distributed 
process input output equipment is good, the rigidity of the epoxy resin covering film can be lowered and 
rigidity and elongation after fracture can be improved , without reducing the thermal resistance of an 
epoxy resin. As ****, it is as immiscible as an epoxy resin in it being good, and without lowering glass 
transition temperature, what forms a particulate material with a diameter of 5 microns or less lowers the 
rigidity of a hardened material, and can carry out toughening of it. 

[0015] In order to promote the hardening reaction of resin, a hardening accelerator is usually blended 
with the epoxy resin constituent used by this invention. 

[0016] this invention building a coating constituent using the above raw materials, plastering a 
conductor with this, and forming the covering film to several microns thickness - a conductor ~ pre- 
insulation of the front face is carried out. 

[0017] The covering bonding wire of this invention can be obtained by the ability being burned with 
baking finish equipment in ordinary use, after applying the aforementioned coating constituent to the 
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periphery front face of the body of a wire which consists of gold, aluminum, or copper. 
[0018] 

[Function] Since the refractory coating material of this invention consists of an epoxy resin constituent 
with a glass transition temperature of 125 degrees C or more, it is excellent in thermal resistance. And 
since this epoxy resin constituent consists of an epoxy resin and a phenol resin hardened material, it is 
excellent also in moisture resistance and an electrical property. By [ which furthermore form a 
particulate material without the fall of the glass transition temperature of thermoplastics or a resin 
hardened material in this thermosetting resin ] blending a **** agent as it is good, the rigidity as 
covering film can be lowered and, moreover, toughening of the covering film can be attained, therefore, 
thermosetting resin — if independent, generating of the check of the covering film, exfoliation, etc. by 
external force, such as crookedness which could not be achieved, can be suppressed, and the 
homogeneity as covering film and flexibility can be satisfied. 

[0019] Since the covering bonding wire using the cladding material of this invention is the resin 
structure where the pre-insulation film mainly becomes carbon and an oxygen list from a hydrogen 
element, it is excellent in the pyrolysis nature in an elevated temperature, generates carbide etc. at the 
time of covering film removal, and does not check the junction dependability of a bonding area. By 
operation of such pre-insulation film, on the occasion of mounting, even if a wire stretches or hangs 
down, an electric short circuit is not caused. 

[0020] Hereafter, the configuration of this invention is explained with an example. 
[0021] 

[Example] By this example, the case where it applies to the covering bonding wire used for the internal 
connection of a semiconductor device is made into an example, and this invention is explained. 
[0022] The covering film with which the heat-resistant epoxy resin covering bonding wire of this 
example covers the periphery of the body of a wire consists of an epoxy resin with a glass transition 
temperature of 125 degrees C or more. The glass transition temperature of the epoxy resin specified here 
means the temperature which shows the biggest tandelta change in the temperature characteristic (it 
measures from a room temperature to about 300 degrees C) of the dielectric loss (tandelta) which is the 
electrical property of an epoxy resin covering bonding wire, i.e., the temperature from which the 
inclination of a tangent serves as max in the temperature curve of tandelta. In this example, in 125 
degrees C called use maximum temperature of a common semiconductor device with the glass transition 
temperature of the epoxy resin for covering film being less than 125 degrees C, the dielectric loss of a 
covering bonding wire increases rapidly, and the electric dependability of a semiconductor device falls 
sharply. 

[0023] Although heating or the thing which carried out photo-curing is used into the usual monad as said 
epoxy resin in the resin constituent which consists of a curing agent and hardening accelerators, such as 
an epoxy resin which has two or more epoxy groups, an amine, an acid anhydride, or phenol resin, in 
especially this example, the resin covering film which hardened the resin constituent which consists of 
an epoxy resin with which moisture absorption becomes small, and a phenol resin curing agent is 
suitable. 

[0024] In order to lower the rigidity of the covering film to said epoxy resin and to aim at improvement 
in paint film nature further, it is more desirable than heat-curing resin to make the big thermoplastics of 
elongation after fracture contain. It can be satisfied with a flexibility list required as pre-insulation film 
for bonding wires of the property of homogeneous both, maintaining the thermal resistance which the 
epoxy resin of a heat-curing mold has by this approach. 

[0025] The resin constituent which consists of said epoxy resin and thermoplastics is excellent in 
compatibility or dispersibility, and becomes transparently [ the resin covering film which is made to 
carry out spreading postcure to a wire, and is obtained ], or translucent. If a resin constituent lacks in 
compatibility or dispersibility, since it becomes easy to separate an epoxy resin and thermoplastics, it 
will become opacity, and the thickness of the covering film and the variation of a property will become 
large. Therefore, the part with many rates which thermoplastics occupies by the maldistribution of a 
constituent, or the thin part of thickness is generated, and it becomes easy to generate a wire, the short 
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circuit between die pads and a wire, the short circuit between chips, or the short circuit between wires in 
those parts. 

[0026] Furthermore, in this example, the rigidity of the epoxy resin covering film can be lowered and a 
**** a g en t can be blended with the aforementioned epoxy resin as the distributed process input output 
equipment which considers as the approach of enlarging elongation after fracture, and forms the domain 
and particle below the diameter of 2-3 micron preferably below the diameter of 5 micron in an epoxy 
resin matrix is good. According to this approach, rigidity and elongation after fracture can be improved, 
without reducing the thermal resistance of an epoxy resin. 

[0027] In this example, as long as the epoxy resin used for the epoxy resin constituent for wire covering 
film formation is the thing of a high grade with few ionicity impurities which have two or more epoxy 
groups and are generally used as an IC package or a die bond agent into the monad, it may be what kind 
of thing. As this epoxy resin, the epoxy resin of the epoxy resin of the many organic functions which 
have the bis-fail A, F, and AD or a smooth S form epoxy resin, a novolak mold epoxy resin, a biphenyl 
frame, or a naphthalene frame, Tori, or a tetrapod (hydroxyphenyl) alkane, cycloaliphatic epoxy resin, 
etc. are mentioned. 

[0028] In this example, there are a curing agent of the many organic functions which have phenol 
novolak resin, cresol novolak resin, a phenol or 3 organic-functions curing agent of the cresol base, the 
curing agent by the phenol and the aralkyl ether polycondensation object, a biphenyl, or a naphthalene 
frame, Para- vinyl phenol resin which is the curing agent of the amount of giant molecules further as a 
phenol curing agent used for an epoxy resin constituent, for example. This phenol resin curing agent has 
desirable 0.5-1.5Eq to an epoxy resin. Since hardening of an epoxy resin is not completely performed as 
the loadings of a curing agent are less than 0.5Eq to an epoxy resin, if an electrical property is inferior to 
the thermal resistance of a hardened material, and a damp-proof list and it exceeds 1 .5Eq, in order that 
the hydroxyl group with which a curing agent has after resin hardening conversely may remain so much, 
moisture resistance will worsen at an electrical property list. 

[0029] In order to promote the hardening reaction of resin, a hardening accelerator is usually blended 
with the epoxy resin constituent used by this example. In this example, at least one kind, such as tertiary 
amine, such as phosphorus-containing organic base nature compounds, such as triphenyl phosphine and 
tetra-phenyl phosphonium tetraphenylborate, or these tetra-permutation boron salts, triethylenediamine, 
and benzyl monomethylamine, 1, 8-diazabicyclo (5, 4, 0)-undecene, and imidazole derivatives, is 
mentioned as a hardening accelerator. 

(J0030^Jn this example, the t hermoplastics which uses together with said epoxy resin and is used 
suppresses a heat-resistant fal l, moreover lowers the rigidity of a resin hardened material, and has the 
effectiveness which moreover carries out toughening . As the example, there are heat-resistant 
engineering plastics, such as polybutylene terephthalate, polyether imide, polyether sulphone, 
polysulfone, and polyarylate, an epoxy resin, phenoxy resin that is excellent in compatibility, a 
polyvinyl butyral, a polyvinyl formal, etc. 

( J003 1 ] ]Functional groups, such as an amino group, a hydroxyl group, an epoxy group, and a carboxyl 
group, may be introduced into the end or side chain of thermoplastics so that an epoxy resin may react to 
these thermoplastics among heat hardening. Since compatibility with an epoxy resin becomes good, the 
thermoplastics which denaturalized by such various functional groups can aim at improvement in 
dispersibility. Moreover, in order for the adhesive strength in an interface with an epoxy resin to also 
improve, the effectiveness of toughening shows up greatly. The loadings of this thermoplastics are 5 - 
30 % of the weight preferably two to 40% of the weight to all resin constituents. When the loadings of 
thermoplastics do not almost have effectiveness in the rigid fall list of a resin hardened material to 
toughening at less than 2 % of the weig ht and exceed^^TH^flhe weight, and the thermal resistance 
of a resin hardeneJmatSrial falls gfeatly and uses engineering plastics, the problem of carbonization of 
resin arises in covering film removal. Since separation with an epoxy resin hardened material becomes 
easy to take place when the loadings of thermoplastics furthermore exceed 40 % of the weight, the paint 
film nature of the covering film is bad, and the variation in a property becomes remarkable. 
[0032] In this example, use together with said epoxy resin and that it is good as **** It is as immiscible 
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as an epoxy resin and the rigidity of a hardened material is lowered, without what forms a particulate 
material with a diameter of 5 microns or less lowering glass transition temperature. Butadiene 
acrylonitrile system copolymers and those ends, or side-chain amino group since toughening can be 
carried out, An epoxy group, a carboxyl group denaturation copolymer, acrylonitrile-butadiene-styrene 
copolymer and those ends, or the side-chain amino group, A **** agent etc. is used for an epoxy group 
and a carboxyl group denaturation copolymer list as an end or the side-chain amino group, a hydroxyl 

^ grou&an epoxy group, and a carboxyl group denaturation silicone resin system are good. 

J0033j^ince an inorganic silicon compound tends to remain that a silicone resin system is good in 
covering film removal and a **** agent h as a problem in wirebonding nature in these, especially its 
**** agent is useful in a b utadiene system being good. It is desirable that the loadings of a **** agent 
are 2 - 20 % of the weight to all resin constituents as it is good. Since the thermal resistance of a resin 
hardened material will fall or it will become easy to separate a **** agent with an epoxy resin hardened 
material as good if effectiveness does not almost have the loadings of a **** agent to to ughening of a 

, hardened material, or a rigid fall at 2 or less % of the weigh t as it is good, and it exceeds 20 % of the 
weight, the paint film nature of the covering film is bad, and the variation in a property becomes 
remarkable. 

[0034] This example carries out pre-insulation of the wire front face by building a coating constituent 
using the above raw materials, plastering the body of a wire with this, and forming the covering film to 
several microns thickness. 

[0035] A **** agent and a hardening accelerator can be dissolved in the organic solvent (ketones, 
alcohols, glycol ether, naphtha, N-methyl pyrrolidone and dimethylformamide, polar solvents like butyl 
cellosolve) of optimum dose at a room temperature or the temperature of 30-150 degrees C at 
homogeneity as it is good, and said coating constituent used by this example can usually be obtained the 
epoxy resin of the specified quantity, a phenol resin curing agent, thermoplastics, or by considering as 5 
- 40 % of the weight of solid content contents. At this time, optimum dose combination of the additives, 
such as a color for viewing the existence of the appearance amelioration agent for maintaining paint film 
homogeneity or the covering film, can be carried out if needed. 

[0036] The heat-resistant epoxy resin covering bonding wire of this example can be obtained by the 
ability being burned with baking finish equipment in ordinary use, after applying the above coating 
constituents to a wire front face. Although these spreading baking conditions change with loadings of an 
epoxy resin, a phenol resin curing agent, thermoplastics or C, a **** agent, and a hardening accelerator, 
they are usually 4-150 seconds at 200-300 degrees C. The temperature and time amount which may be 
made sufficient for completing the hardening reaction of a coating constituent mostly are required for 
baking. 

[0037] Thus, the pre-insulation film which becomes the periphery of the body of a wire with which the 
obtained heat-resistant epoxy resin covering bonding wire consists of gold, aluminum, or copper from a 
heat-resistant epoxy resin is formed. In this case, other pre-insulation film may be used together and 
formed into compound covering. This compound covering film is obtained by forming the pre-insulation 
film of further others on that pre-insulation film, after forming the pre-insulation film of this example. 
There is an adhesive reduction agent for reducing the adhesive property of the antistat for preventing 
electrification of resin, for example, and mold resin and covering resin as pre-insulation film of this two- 
layer eye etc. 

[0038] Since the pre-insulation film consists of an epoxy resin constituent with a glass transition 
temperature of 125 degrees C or more, the heat-resistant epoxy resin covering bonding wire of this 
example is excellent in thermal resistance. And since this epoxy resin constituent consists of an epoxy 
resin and a phenol resin hardened material, it is excellent also in moisture resistance and an electrical 
property. By [ which furthermore form a particulate material without the fall of the glass transition 
temperature of thermoplastics or a resin hardened material in this thermosetting resin ] blending a **** 
agent as it is good, the rigidity of the wire covering film can be lowered and, moreover, toughening of 
the pre-insulation film can be attained, therefore, thermosetting resin - if independent, generating of the 
check of the covering film, exfoliation, etc. by external force, such as crookedness which could not be 
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achieved, can be suppressed, and the homogeneity as wire covering film and flexibility can be satisfied. 
[0039] Since the covering bonding wire by the heat-resistant epoxy resin of this example is the resin 
structure where the pre-insulation film mainly becomes carbon and an oxygen list from a hydrogen 
element, it is excellent in the pyrolysis nature in an elevated temperature, generates carbide etc. at the 
time of covering film removal, and does not check the junction dependability of the wirebonding 
section. By operation of such pre-insulation film, on the occasion of mounting, even if a wire stretches 
or hangs down, an electric short circuit is not caused. 

[0040] The result of having performed various trials is described about the examples 1-4 of a 
comparison hereafter created for the comparison with the examples 1-6 to which the constituent carried 
out blending-ratio-of-coal ****** creation of the covering bonding wire by this invention, and the 
conventional thing. 

[0041] Examples 1-6 and the examples 1 and 2 of a comparison show the blending ratio of coal of the 
coating constituent in Table 1 using the epoxy resin shown below, a phenol resin curing agent, a 
hardening accelerator and thermoplastics or C, and a **** agent. Thus, the obtained coating constituent 
was diluted to 10% of solid content concentration using the solvent which consists of an N-methyl 
pyrrolidone and butyl cellosolve, spreading was performed twice to the peripheral face of a gold 
bonding wire with a diameter of 25 micrometers, and it was made to harden by making a 270-degree C 
heating furnace pass this wire the condition for linear- velocity/of 7m after that. Full hard-ized time 
amount of a coating constituent was made into 120 seconds by repeating passage of the heating furnace 
of a wire 20 times continuously. The pre-insulation film which consists of various epoxy resins by such 
actuation was formed. 

[0042] The pre-insulation film which consists of polyurethane resin of the example 3 of a comparison 
made the wire apply and harden the coating constituent which consists of blocking isocyanate resin, 
orthochromatic phthalic-acid system polyol, and octenate zinc by the same approach as an example, and 
was obtained. The wire pre-insulation film of the example 4 of a comparison diluted polyester imide 
resin with the solvent to 10% of solid content concentration, and by the same approach as an example, 
after applying to a wire, it was stiffened and it obtained it. 

[0043] The paint film of ball right above melted the ball organization potency and paint film removal 
nature at the time of the electron discharge method performed in the property list of the obtained paint 
film in a wirebonding process into Table 1 again, and the amount of risers, creep resistance, and 
********-proof were shown in Table 2. As discharge conditions, it discharged 5 times in 0.5mm of 
discharging gaps in 40mA of currents, and 1.88ms of 1 pulse width. 
[0044] 

Epoxy resin Weight per epoxy equivalent Softening temperature (degree C) 
(A) 3 organic-functions bisphenol A mold 215 63 Epoxy resin [0045] 
[Formula 1] 




HaC- C -CHs 




OCH2CHCH2 



\ / 



O 



[0046] 

(B) Bisphenol A novolak mold 210 75 Epoxy resin [0047] 
[Formula 2] 
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OCH2CHCH2 
s / 
0 



OJ 



«t2) 



HsC-C -CH3 

0CH2CHCH2 

o 



[0048] 

(C) Cardo epoxy resin 246 76 [0049] 
[Formula 3] 



p 

CHzCHCH20 




p s 

OCH2CHCH2 



«fc3) 



[0050] 

(D) Naphthalene mold epoxy resin 250 67 [0051] 



CH2CHCH2O 
[Formula 4] O 



OCH2CHCH2O 

Ola *" 



OCH2CHCH2 

MDIOJ V 





/n 



«t4) 



[0052] 

(E) 2 organic-functions bisphenol A mold 475 68 Epoxy resin [0053] 
[Formula 51 

f CHa \ CHs 

C^2CHCH20 - C OCH2CHCH2-O C -^-OCH2CHCH2 

0 \ CHs OH / ch 3 V 

[0054] 

Phenol resin OH equivalent Softening temperature (degree C) 

(F) PARABI nil phenol resin 120 160 (molecular weight 6000) 
[0055] 
[Formula 6] 



-CH-CtaA- 



\ 



OH 



/n 



[0056] 

(G) Phenol novolak resin 106 74 [0057] 
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[Formula 7] 
f OH \ 



^4 



[0058] 

Hardening accelerator 2E4MZ: 2-ethyl-4-methylimidazole thermoplastics Molecular weight (H) 

phenoxy resin About 30000 [0059] 

' CH 3 \ 

O^^C-^^O-Cte-CH-CHa- tffcg) 

[Formula 8] ^ CHs OH / n 

[0060] 

(I) Polyvinyl butyral About 43000 [0061] 
[Formula 9] 

-^CH2-CH-CHz-CH^- (^9) 

CH 

I 

C3H7 

[0062] 

(J) Polyether sulphone About 17700 [0063] 
[Formula 10] 

-■®T®-4- <<tio) 

\ O /„ 

[0064] being good -- the epoxy resin preliminary reaction article of **** (agent K) end carboxyl group 
denaturation Butadiene Acrylonitrile — after 1 to 2 having come out of liquefied end carboxyl group 
denaturation Butadiene Acrylonitrile (molecular weight: 3500 5 carboxyl group content:2.4%, 
acrylonitrile content: 17%) and 2 organic-functions bisphenol mold epoxy resin (187 viscosity: weight 
per epoxy equivalent : 25 degrees C 120poise) comparatively by the mole ratio and mixing, the epoxy 
resin preliminary reaction article of end carboxy group denaturation Butadiene Acrylonitrile was 
obtained by making 150 degrees C react for 4 hours. This preliminary reaction article was used as a 
**** agent as it is good. 

[0065] The various properties of front Naka were measured by the following approaches. 
[0066] 1. Pinhole : after putting the covering wire of lm die length into electrolyte liquid, the electrical 
potential difference of 10V was impressed and the number of the bubbles which came out then was 
counted as the number of pinholes. 

[0067] 2. Glass transition temperature (Tg) : using the resin covering wire, the temperature characteristic 
of a dielectric dissipation factor (tandelta) was measured by part for programming-rate/of 3 degrees C 
with the dielectric constant measuring device, and temperature which shows the biggest change of 
tandelta was made into glass transition temperature (Tg). 

[0068] 3. Paint film nature and handling nature : the surface smooth nature of a resin covering wire and 
homogeneity were observed with the fluorescence microscope. Moreover, the covering wire was bent by 
the acute angle and the crack of a paint film was observed. In observation of O, surface smooth nature, 
homogeneity, or the crack of a paint film, ** and both judged [ the synthetically good thing ] the poor 
thing for what has poor either by x. 

[0069] 4. Pyrolysis temperature : after hardening a paint film constituent in 180-degree-C 6 hours, the 
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hardened material was ground and weight percentage reduction was measured by part for programming- 
rate/of 10 degrees C using the thermobalance. Temperature which becomes weight percentage reduction 
90wt% was made into pyrolysis temperature. 

[0070] 5. Ball eccentricity : the appearance judging of the ball eccentricity of the wire after an electron 
discharge method was carried out using the scanning electron microscope. The number of a defect and 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. was counted for the sample which has 
eccentricity in ten samples. 

[0071] 6. Paint film removal nature : the appearance judging of the paint film removal nature of the wire 
after an electron discharge method was carried out using the scanning electron microscope, and that in 
which the resin covering film has adhered to the wire front face by carbonization was investigated. 
[0072] 7. Creep resistance : where a chip edge etc. is contacted, when a covering wire is pushed by mold 
resin, there is a possibility of the covering film being destroyed and connecting too hastily. In order to 
compare the difficulty of connecting too hastily, the following creep-proof tests were performed. That is, 
time amount until it results in the short circuit when forcing a chip edge on a covering wire at an 
elevated temperature is measured. After putting the covering wire stretched at a level with the air by 3g 
of loads into a 180-degree C BEKU furnace and stabilizing temperature, the chip leaned to 45 degrees 
which imposed the 0.5g load is dropped, and it places on a covering wire. Time amount after placing a 
tip until a wire core material connects with a chip edge too hastily was found, and creep resistance was 
evaluated. 

[0073] 8. Elevated-temperature-proof ******** : where a chip edge etc. is contacted, while a covering 
wire is pushed by mold resin, when it is repeatedly rubbed against a chip edge, there is fear of a short 
circuit. In order to compare the difficulty of connecting too hastily by grinding, the following elevated- 
temperature-proof grinding tests were performed. Immediately after putting the tip leaned to 45 degrees 
on a covering wire like the 7th term, a covering wire is moved with the amplitude of 1mm. Time amount 
until the covering film is ground and a wire core material connects with a chip edge too hastily is 
measured. 
[0074] 
[Table 1] 
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[0075] 
[Table 2] 
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[0076] The heat-resistant epoxy resin covering bonding wire of this example has high Tg as compared 
with polyurethane resin, and a pinhole and its paint film nature are also good to polyurethane and an 
EQC so that clearly from Tables 1-2. Moreover, there is also no carbide remainder at the time of 
discharge, right above [ ball ] melts, and the amount of risers is also as short as 190 micrometers 
compared with 300 micrometers of polyurethane. On the other hand, although polyester imide of Tg is 
high, the carbide remainder cannot use it remarkably. Moreover, although creep resistance and elevated- 
temperature-proof grinding nature are also less than polyester imide, it excels as compared with 
polyurethane. 

[0077] Next, the wirebonding nature of a between [ the aluminum electrode on the front face of a silicon 
chip (6x6mm) carried in the leadframe of 42 alloy system and a leadframe ] was investigated using the 
resin covering bonding wire obtained as mentioned above. Being un-stuck by pressure or tensile strength 
of bonding makes poor bonding the semiconductor device which the wire 2g or less generated, and a 
percent defective is shown in Table 3. 

[0078] Moreover, three kinds of semiconductor devices with which bonding conditions differ were 
manufactured with the above-mentioned covering wire. Drawing 1 R> 1 and drawing 2 are the 
fragmentary sectional views showing the condition, and show the condition that covering became a 
defect. A chip contact condition as indicated to be three kinds of conditions to drawing 1 (a continuous 
line shows among drawing 1), Or a die pad contact condition as shown in drawing 2 (a continuous line 
shows among drawing 2 R> 2), Are in the normal bonding condition (a broken line shows among 
drawing 1 ) which does not have a chip or die pad contact in a list, and the mold (2.5mm in 20x14mm of 
appearances, thickness) of the semiconductor chip is carried out with an epoxy resin sealing agent after 
bonding termination. 175 degrees C was hardened for 5 hours, and each semiconductor device was 
manufactured, the inside of drawing, and 1 - a die pad and 2 ~ a covering bonding wire and 3 for an 
inner lead and 6, as for the passivation film and 8, a metal ball and 7 are [ a metal wire and 4 / the 
covering film and 5 / a semiconductor chip and 9 ] bonding pads. 

[0079] The heat cycle test of these semiconductor devices was carried out, and the comparative 
experiments of the shunt index in a normal state were carried out to each contact condition list. The 
result is shown according to Table 3. 

[0080] In addition, since the crack of the wire covering film was seen everywhere, the example 1 of a 

comparison was not able to perform a heat cycle test. Moreover, the example 4 of a comparison 

performed the heat cycle test using the remaining samples except the sample which caused poor 

bonding. 

[0081] 

[Table 3] 
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[0082] Since the semiconductor device using the heat-resistant epoxy resin covering bonding wire of 
this example does not have the problem of carbonization of resin so that clearly from Tables 2 and 3, 
compared with the examples 1 and 4 of a comparison, bonding nature is excellent. Moreover, since the 
pre-insulation film which consists of the above-mentioned heat-resistant epoxy resin is excellent also in 
thermal resistance compared with the examples 2 and 3 of a comparison, even if it passes through 
various trials, a percent defective is small and the fall of dependability is not seen. Thus, even if the pre- 
insulation film of this example will be in the condition that contact between wires arises in a chip or a 
die pad list, as it is, a problem does not produce it. 

[0083] As mentioned above, although invention made by this invention person was concretely explained 
based on said example, as for this invention, it is needless to say for it to be able to change variously in 
the range which is not limited to said example and does not deviate from the summary. 
[0084] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among 
invention indicated in this application is explained briefly. 

[0085] (1) According to this invention, it consists of constituents with which the pre-insulation film 
consists of an epoxy resin and a phenol resin curing agent with a glass transition temperature of 125 
degrees C or more, and is effective in excelling in thermal resistance. 

[0086] (2) According to this invention, it consists of constituents with which the pre-insulation film 
consists of an epoxy resin and a phenol resin curing agent with a glass transition temperature of 125 
degrees C or more, and is effective in excelling in moisture resistance. 

[0087] (3) According to this invention, it consists of constituents with which the pre-insulation film 
consists of an epoxy resin and a phenol resin curing agent with a glass transition temperature of 125 
degrees C or more, and is effective in excelling in respect of an electrical property, especially dielectric 
loss. 

[0088] (4) According to this invention, it is effective in the ability to suppress the check of the according 
[ since the **** agent is contained as it is good, the covering film carries out toughening, and ] to 
external force, such as crookedness, covering film when a particulate material is formed, exfoliation, etc. 

[0089] (5) Since thermoplastics excellent in compatibility or dispersibility is included according to this 
invention, it is effective in the homogeneity as covering film and flexibility being securable. 
[0090] (6) Since it is the resin structure which mainly becomes carbon and an oxygen list from hydrogen 
according to this invention, and carbide etc. is generated and junction dependability at the time of 
wirebonding is not checked at the time of the pyrolysis in an elevated temperature, it is effective in 
excelling in bonding nature. 

[0091] (7) According to this invention, it is effective in not causing an electric short circuit, even if it 
hangs down, and it contacts a chip or a tab or contact between wires comes [****/ that the wire itself 
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stretches ] by said effectiveness (1) thru/or (6) on the occasion of mounting of a semiconductor chip. 
[0092] (8) According to this invention, it is effective in the ability to manufacture the semiconductor 
device excellent in dependability according to said effectiveness (7). 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Refractory coating material which is insulating refractory coating material which covers the 
perimeter of a conductor, and is characterized by becoming with the epoxy resin with which the 
covering film serves as glass transition temperature of 125 degrees C or more. 
[Claim 2] the refractory coating which covered the perimeter of a conductor with insulating refractory 
coating material — the refractory coating which is a conductor and is characterized by becoming with the 
epoxy resin with which the covering film serves as glass transition temperature of 125 degrees C or 
more — a conductor. 

[Claim 3] The covering bonding wire which is a covering bonding wire which covered the perimeter of 
a metal wire with insulating refractory coating material, and is characterized by becoming with the 
epoxy resin with which the covering film serves as glass transition temperature of 125 degrees C or 
more. 

[Claim 4] Refractory coating material according to claim 1 characterized by said epoxy resin covering 
film being the resin hardened material to which make the epoxy resin which has two or more epoxy 
groups in a monad, and the resin curing agent which has a phenolic hydroxyl group come to react. 
[Claim 5] refractory coating material given in any of claim 1 characterized by said epoxy resin covering 
film consisting of the resin hardened material and thermoplastics which the epoxy resin which has two 
or more epoxy groups in a monad, and the resin curing agent which has a phenolic hydroxyl group are 
made to react, and are obtained thru/or claim 2 they are, and refractory coating — a conductor. 
[Claim 6] refractory coating material given in any of claim 1 characterized by including the 
thermoplastics with which said epoxy resin covering film is excellent in an epoxy resin hardened 
material, compatibility, or dispersibility with thermoplastics, and forms transparence or the translucent 
covering film thru/or claim 5 they are, and refractory coating — a conductor and a covering bonding 
wire. 

[Claim 7] The covering bonding wire according to claim 3 to which said epoxy resin covering film is 
characterized by the thing which form a particulate material 5 microns or less in an epoxy resin, and 
which is included for a **** agent as it is good. 

[Claim 8] The covering bonding wire according to claim 7 characterized by the thing which said epoxy 
resin covering film becomes from one or more kinds in the butadiene system copolymer which forms a 
particulate material 5 microns or less in an epoxy resin, an end or the side-chain amino group, an epoxy 
group, a carboxyl group denaturation butadiene system copolymer and an end or the side-chain amino 
group, an epoxy group, and carboxyl group denaturation silicone resin, and which is included for a **** 
agent as it is good. 



[Translation done.] 
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